M E D I C I N E
In addition, most children with Perthes disease also manifest skeletal retardation (e3) . It has been shown that the urinary desoxypyridinoline/creatinine quotient is abnormally low in the condensation phase of the disease; this is also an indication of abnormally hypoactive skeletal metabolism and thus points to a systemic cause of the disease (e4).
Clinical features
The disease typically arises in children aged 3 to 7 years. It affects boys more commonly than girls, in a 4:1 ratio.
The affected children come to medical attention because of limping. Pain is typically located in the groin area and is often present only during physical activity; in 25% of patients, the pain radiates into the thigh and knee. There may also be knee pain without groin or thigh pain, and, in such cases, the diagnosis is often delayed. It follows, therefore, that any child presenting with knee pain should have the hip carefully examined as well (2, 4) . In 10% to 15% of children with Perthes disease, both hips are affected, usually in temporally staggered fashion, rather than simultaneously.
Physical examination usually reveals a limping gait. The mobility of the hip is limited mainly in internal rotation and abduction. In addition, the legs may be of different length because of an adduction contracture or a collapsed epiphysis.
Clinical risk factors for a poor outcome include a later age of onset, overweight, severe limitation of the range of motion, and female sex.
The differential diagnosis of Perthes disease is summarized in Box 1. In particular, when both hips are affected, multiple epiphyseal or spondyloepiphyseal dysplasia must be ruled out. Meyer's dysplasia is also very difficult to differentiate from Perthes disease on radiological grounds alone. The diagnosis of Meyer's dysplasia can be made in the light of the absence of clinical symptoms and of the staged radiological progression that typifies Perthes disease (2).
Diagnostic evaluation
The diagnostic evaluation is performed in standard fashion with x-ray views in two planes. The pelvic survey film and lateral hip x-ray serve not only to establish the diagnosis, but also to enable classification, prognostic assessment, and follow-up of the course of the disease.
Ultrasonography can be used as a supplementary technique to diagnose changes of the femoral head and, in particular, any accompanying synovitis or effusion (3) . Whenever a patient of the typical age for Perthes disease suffers from coxitis fugax that persists for several weeks, plain x-rays or a magnetic resonance scan should be performed to rule out early Perthes disease (2) .
Magnetic resonance imaging (MRI) is of particular value in identifying the early stage of Perthes disease in the absence of changes on plain films, as well as in cases where the differential diagnosis would otherwise be difficult. Dynamic MRI, like arthrography, can also be helpful for diagnosing any accompanying "hinge abduction" (in which the lateral side of the femoral head contacts the acetabular margin) during preoperative planning. Nonetheless, MRI has not been shown to be of prognostic value, and it is therefore not used as a standard diagnostic technique (4, 5) .
The radiologically demonstrable stages that all children with Perthes disease pass through are based on the scheme devised by Waldenström (6) . The course of the disease is divided into the initial, condensation, fragmentation, repair, and healing stages.
In 1971, Catterall propsed a fourfold classification of the disease, based on the extent of involvement of the femoral head (7) . He supplemented this classification with what he called "head-at-risk signs." The Catterall classification has only limited reliability and prognostic value (e5-e7).
In 1984, Salter and Thompson described a classification involving only two groups, which were defined by the extent of subchondral fracture seen in axial x-rays in the early stage of the disease (e8). The disadvantage of this classification is that not all patients are diagnosed in the early stage.
The most recent classification was proposed by Herring in 1992 (8, 9) . It is based on the height of the lateral pillar of the epiphysis of the femoral head, as seen on an Figure  1 ). This "lateral pillar" classification, when determined in the fragmentation phase, is of greater prognostic value and has a greater inter-observer reliability than the Catterall classification (8-10).
The predictive value of the Herring classification is higher when the patient's age at the onset of the disease is also taken into account (11) .
Yet more recently, Herring has added a further group to his classification, the B/C "border group," because his multicenter study revealed that many affected hips have a radiological appearance that is intermediate between types B and C (12) .
Prognosis
Retrospective studies on late outcomes have shown that more than 80% of affected hips have good or very good outcomes that persist into the fourth decade of life (7, 13) . Nonetheless, a retrospective study by McAndrew et al. revealed that half of all patients eventually required an artificial hip after a median follow-up interval of 50 years (13) .
Important prognostic factors include age, limitation of movement, radiologically visible involvement of the femoral head, and any accompanying "head-at-risk signs." Typical "head-at-risk signs" include lateralization of the femoral head in the acetabulum (subluxation), lateral epiphyseal calcification, and metaphyseal cyst formation (Figure 2) .
Young age at onset of the disease (i.e., below age 6) is prognostically favorable because of the higher remodeling potential. Hip joints classified as Catterall types III and IV and Herring type C, as well as those in which "headat-risk signs" are present, are prognostically unfavorable (4, 5) . If a subluxed femoral head has also developed a lateral outgrowth that impinges on the acetabular margin (the "hinge abduction" phenomenon), this, too, is a prognostically unfavorable sign.
The deformity and incongruence of the hip joint that are present when the patient reaches adulthood are important long-term prognostic factors (14, 15) . The Stulberg classification of the final stage of the disease divides patients into subtypes and thereby enables better assessment of the prognosis (15) . Even if an affected child or adolescent is still asymptomatic, an assessment of the prognosis is important for counseling (e.g., with respect to participation in sports or choice of occupation).
Treatment
The goal of all forms of treatment is to prevent deformity of the femoral head and incongruence of the affected hip. The extent of incongruence in adolescence determines
FIGURE 1
Herring's "lateral pillar" classification, depending on the height of the lateral pillar (necrotic area marked in red) Figure 2 : Involvement of the entire epiphysis, with the height of the lateral pillar less than half normal (Herring type C, Catterall type IV). In addition, note lateralization (arrow) and metaphyseal cysts, both of which are "head-at-risk" signs.
the severity of the prearthrotic deformity, and thus also the probability of early secondary coxarthrosis. In order to achieve these goals, treatment is based on the principle of containment, i.e., the maintenance or restoration of the central position of the femoral head. The type of treatment that is to be provided is determined on the basis of the radiological severity of the disease, the presence or absence of "head-at-risk signs," the xtent of limitation of mobility of the hip joint, and the age of the patient (Figure 3) .
In the past, attempts were made to prevent deformity of the femoral head by prolonged mechanical unloading and immobilization of the hip joint. Thus, the hip was immobilized in a cast, with prolonged bed rest, with crutches for walking, or with cumbersome orthoses and ambulating devices, for the entire duration of the illness.
Intra-articular pressure measurements, however, have revealed that immobilization in an orthosis can actually elevate the intra-articular pressure. Furthermore, long-term immobilization has considerable negative consequences, including muscle atrophy, contractures, weight gain, and social exclusion. It has thus been largely abandoned in favor of functional physiotherapeutic measures and, in cases with severe progression, operative containment therapy (2, 16) .
A poll taken by our department in Ulm to assess the current state of care for Perthes disease in the Germanspeaking countries has revealed that the use of weightrelieving orthoses has declined markedly in comparison to earlier treatment recommendations. 70% of the hospital physicians questioned stated that they seldom, if ever, used such orthoses (17) .
Strict mechanical unloading of the affected hip joint is not necessary, nor should the patient be strictly forbidden to participate in sports. There is no objection to lighter sporting activities such as swimming and cycling, but extreme stresses, such as can arise in types of sport involving jumping and/or physical contact, should be avoided (4) .
Depending on the patient's age and the severity of disease, treatment may at first consist of no more than mechanical stress reduction and further observation. This is usually possible only for children under age 6 who have a good range of motion of the hip (18) .
Initial clinical trials, involving only a small number of patients, have shown good results from the additional (off-label) use of vasoactive prostacycline analogues in the early phase of the disease, when the x-rays are still normal, with improved range of motion, diminished pain, and revascularization of the epiphysis. Long-term results are still pending (19) .
The range of motion of the hip is usually already restricted at the time of diagnosis, however, and the reduction of mechanical stress must therefore be combined with physiotherapeutic mobilization so that the range of motion can be maintained or, if possible, improved. A regular program of physiotherapy is needed to optimize mobility (Box 2).
The treatment of pain is important mainly in the initial phase, in which acute inflammation is present. Until the acute pain subsides, the joint should be moved as little as possible, and a non-steroidal anti-inflammatory drug such as ibuprofen should be given. Analgesic medication is of no use in the long-term treatment of the disease.
If contracture of the adductor musculature is also present, treatment with botulinum toxin, combined with intensive physiotherapy, may increase the range of motion in abduction and thereby improve containment.
During the entire course of treatment, the foremost treatment goal is the attention of free mobility of the hip in all directions, and especially free rotation and abduction, with maintenance of the central position of the femoral head in the acetabulum ("motion and containment") (2) .
If the disease takes an unfavorable course, or if conservative therapy fails, a number of operative methods of improving containment may be indicated.
Good range of motion of the hip, with at least 30° of abduction, is a prerequisite for the success of operative containment therapy. Any greater restriction of hip mobility is considered to contraindicate surgery (5) .
Ideally, the child should be in the early phase of the disease (the fragmentation or early repair phase) at the time of surgery, so that the femoral head will still possess the remodeling potential that is present in this phase.
Herring et al. showed in their prospective, multicenter trial (level II-1) that patients who first manifest the disease after age 8, with a Herring type B or B/C involvement of the femoral head, can benefit from operative containment therapy (20) .
Wiig et al., in their report of a current collective study from Norway (level II-1), recommend intertrochanteric varus osteotomy in children above age 6 with more than 50% involvement of the femoral head (21) .
An osteotomy in the late stage of the disease (age 10 or older), however, yields markedly worse results (22) .
Typically, surgery to improve containment involves an intertrochanteric varus osteotomy. The CCD angle should be reduced to the extent that is necessary to reposition the femoral head in the center of the acetabulum (Figure 4 ), yet not so much as to produce an overcorrection, with a high-standing trochanter and coxa vara. Thus, the CCD angle should not be reduced below 105° (5) .
If intertrochanteric varus osteotomy alone does not produce adequate containment, a pelvic osteotomy is performed in the same sitting.
Alternatively, centralization can also be restored with a Salter pelvic osteotomy alone (Figure 4) or with a triple pelvic osteotomy. With these techniques, the leg shortening and high-standing trochanter that often follow varus osteotomy can be avoided.
Before surgery is performed, the so-called hinge abduction phenomenon must be ruled out. Hinge abduction is assumed to be present when the femoral head is lateralized by more than 2 mm on the abduction x-ray (5) .
If the range of motion of the hip is restricted, an adequate range of abduction must be achieved before surgery. It may be necessary for the patient to be hospitalized for intensive physiotherapy, intermittent traction treatment, and supportive therapy with anti-inflammatory drugs; sometimes, adductor tenotomy will be necessary. In case of doubt, hinge abduction can also be demonstrated by intraoperative arthrography (e9).
The disturbed growth of the epiphysis of the femoral head can lead to coxa vara et magna in the late stage of the disease, with relative shortening of the femoral neck and a high-standing trochanter. In such cases, the indication for surgical lengthening of the femoral neck ( Figure 5 ) or a valgus osteotomy should be evaluated, so that leg shortening and muscular insufficiency, if present, can be treated, and the optimal anatomy and function of the proximal femur can be restored (23, 24, e10) .
If the growth plate is still open, the physician should assess whether the growth of the proximal femur might be benefited by a trochanteric apophyseodesis (25) .
Overview
As the course of Perthes disease is variable, the appropriate treatment must be determined individually for each patient. The therapeutic spectrum ranges from observation and follow-up all the way to extensive surgical reconstructions of the hip. The goal of all treatments is to prevent deformation of the femoral head, in order to avert a prearthrotic deformity and early coxarthrosis.
The main goals of treatment are, therefore, the restoration of the central position of the femoral head in the acetabulum together with a reduction of mechanical stress and improvement of the restricted range of motion. For adolescent patients, the indication for surgical treatment of the residual deformity of the proximal femur should be assessed. The disease should be treated by a board-certified orthopedist with experience in pediatric orthopedic surgery. 
